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FOREWORD

This paper summarizes a report, "Comparison of Engineering Properties
of <2lected Temperate and Tropical Surface Soils," published by the U. S.
Ar~ Engineer Waterways Experiment Station (WES) in June 1966. The paper

wa: pproved for open publication by the Directorate of Security Review

—— — o——————— .

(OASD~PA), Department of Defense, and was presented at thé Second International
Y Conference on the Mechanics of Soil-Vehicle Systemsvin Quebec, Quebec, Canada,
- August 1966, and at the annual meeting of the Geological Society of
-ame:_ca in New Orleans, Louisiana, on 22 November 1987.
The study was performed by personnel of the Mobility and Environmental
‘; Division, WES during the period January 1963 to February 1965. It constitutes
v portion of the Mobility Environmental Research Study, sponsored by the
0?f‘ce, Secretary of Defense, Advanced Research Projects Agency, Directorate
e’ emote Area Conflict, for which WIS is the prime contractor and the U, S
Arr:y Materiel ‘Command is the service agent.
Directors of the WES during conduct of this study and preparation of

s report were Colonel Alex G. Sutton, Jr., CE, and Colonel John R.

t valt, Jr., CE. Technical Director was Mr. J. B, Tiffany.
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SUMMARY OF
COMPARISON OF ENGINEERING PROPERTIES OF SELECTED
TEMPERATE AND TROPICAL SURFACE SOILS

by
M. P. Meyer

' Abstract

Field and laboratory tests were conducted on 11 fine-grained soils
from the temperate climate of the United States and 17 fine-grained soils-
from the tropical climates of Puerto Rico, Panama Canal Zone, Hawaii, and
Thailand to determine trafficability of the soils and other engineering
properties. Soils were collected from the 6- to 12-in. layer for a wide
range of parent materials. Temperate and tropical soils of each parent
material were selected on the pasis of their similarity in the Unified Soil

Classifiication System and topographic position.

A comparison of physical, mineralogical, and chemical properties,
and results of standard and special engineering tests indicate, with few
exceptions, no significant differences between temperate and tropical '
soils from a similar parent material.

It is concluded that temperate and tropical soils of similar parent
materials and Atterberg limits generally have other engineering properties

that are similar and behave similarly when subjected to standard and special
engineering laboratory tests. Differences in behavior between soils from
each of the climates can be associated with differences in Atterberg limits.




SUMMARY OF
COMPARISON OF ENGINEERING PROPERTIES OF SELECTED

TEMPERATE AND TROPICAL SURFACE SOIIS

by

M. P..Meyer*
Introduction

An appreciable amount of knowledge has been obtained on the physical
characteristics of surface soils of temperate climates. This information
has been used to identify the engineering properties of given soil types
and to develop techniques for predicting those characteristics in soils that
cannot be examined directly. However, relatively little work of this nature
has been conducted on soils of tropical climates. A study comparing the
properties of temperate and tropical soils would have a broad utility. For
example, if the soils are highly analogous, convenient temperate climate
areas that are representative of tropical conditions could be sélected for
testing soil-vehicle systems. Furthermore, a comparative study would provide
detailed data on the relations among characteristic physical properties of
various soil types and of soils of similar parent materials.

This paper summarizes a study of the engineering properties of 28
soils conducted to determine the degree of analogy between soils from
temperate and tropical climates. The study shows the relations among
physical properties of the soils and the horizontal variability of phys-
ical properties of temperate and tropical soils in situ. A detailed re-
port on the study has been published by the U. S. Army Engineer Waterways
Experiment Station (WES).l*’ )

Field and laboratory tests were conducted on 11 temperate and 17
tropical soils. The 6- to 12-in. soil layer was selected for testing be-
cause it is considered to be the critical layer in determination of "go"

*Engineer, Chief, Classification and Prediction Section, Terrain Analysis
Branch, Mobility and Environmental Division, U. S, Army Engineer Waterways
Experiment Station, CE, Vicksburg, Miss.

®#%Raised numbers refer to similerly numbered items in References at end of
text,
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or "no go" performance on a multiple pass basis for most standard military
vehicles. At each site the field data and soil samples were collected on
one day, or occasionally on two days, at the end of the wet season from
three sites in Oregon, four in Mississippi, one in North Carolina, one in
South Carolina, one in Georgia, and one in Alabama in the United States for
the temperate soils and from three sites in Hawaii, seven in Puerto Rico,
twvo in the Panama Canal Zone,'and five in Thailand for the tropical soils.
The location and parent material of each soil are shown in -p‘t‘:litd'g’l.

The parent materials and the number of temperate and tropical soils

studied in each are shown in the following tabulation.

No. of No. of
Temperate Tropical
Parent Material Soils Soils
Basic igneous rock 3 L
Acidic igneous rock 1l l
Volcanic ash 1 1 4
Limestone h 2 3
01d water-deposited material 2 4 3
Recent alluvial clay 2 2
Recent alluvial silt 1 3

Soils of each category generally were of the same soil type, as
classified according to the Unified Soil Classification System, and

generally were located at the same topographic position.
Field Tests

Twenty 1l-ft-sq plots, 3 ft apart, were established at 9- by 12-ft

sites. Soil strength {cone index and remolding index) was measured in

LTI PA W e s agraanen ir s Ao —————r = Y
A v

each plot, and samples were taken for determination of moisture content,
dry density, and Atterberg limits. The data were used in the study of

R

horizontal variability of the soil. Also, large bulk samples were col-
lected in each of the 20 plots end composited for use in other laboratory

tests.




: Laboratory Tests B

The flow diagram in fig. 1 shows the tests performed on the samples,
he procedures for processing the soil, the laboratory in which the tests
.ere conducted, an* the approximate weight of the sample reserved for each
est or series of tests. Tests were conducted in accordance with standard
r acceptable modified engineering procedures. From 6 to 11 samples from

v r¢ch soil were prepared at specific moisture contents ransging from one

v >viding a cone index less than 20 to one slightly less than optimum (for
1. » compaction effort used). The sample at each moisture content was com-
r: :ted with an energy equivalent to the standard American Associaticn of

- .te Highway Officials (AASHO) compaction effort in a mold 15 in. in

.

.meter and 7 in. high.

B

The same series of tests was performed on each soil: A represen-

PR T TS

t.-ive sample was obtained from each mold for determination of moisture
‘zxrtent and dry density, and cone index and CBR tests were performed in the

r  d; unconfined compression, sheargraph, and rubber-wheel friction tests B

o «+ +e performed on specimens carefully cut from each mold cousulidation,
| 1+ ‘meability, and drained direct shear tests were conducted on specimens

¢ tained from the mold that had been prepared at optimum moisture content:

8 d tests to determine the moisture content of the soil at tensions of
0 (saturation) and 0.06 atmosphere were conducted on cores obtained from
molds prepared at field density and lowest density (highest moisture con-~
tent) of the soil. Other tests conducted on the composite sample of each
s0il included a determination of moisture content at 0.33-, 3-, and 15-

atmosphere tension, grain-size distribution (mechanical analysis), Atterberg

limits, specific gravity, percent organic matter, soluble salts content,
and acidity (pH), and a mineralogical and chemical analysis. Soil property
data are shown in table 1.

Test Results

Horizontal variation of soil
properties measured at site

The standard deviations and coefficients of variation of the soil
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properties of each of the 11 temperate and the 17 tropical soils were deter-
mined on the basis of 20 observations at each site. The means of these

statistical parameters are shown below.

Mean Standard Mean Coefficient
Deviation of Variation, %
. Temperate Tropical Temperate Tropical
Soils Soils - Soils Soils
Cone index 37 48 18 18
Remolding index 0.1k 0.1h 16 16
Rating cone index 48 56 24 25
Moisture content, % 3.3 2.4 7 6
Dry density, 1lb/cu ft 4.2 4.8 5 6
Liquid limit 5 5 6 6
Plastic limit 2 2 6 4
Plasticity index L L 13 11

An evaluation of these data shows a similar degree of horizontal

-variation of the soil properties for temperate and tropical soils. For

tropical scils the standard deviations of cone index, rating cone index,
and dry density were slightly higher and the standard deviation of moisture
content was slightly lower than those of temperate soils. However, the
coefficients of variation were about the same, indicating that the small
differences in standard deviation can be attributed to differences in the
average mean of these properties.

Specific gravity-
plasticity index relations

Relations between specific gravity and plasticity index were deter-
mined for residual soils developed from igneous rock, volcanic ash, and
limestone parent materials, and for soils deveioped from old and recent
water-deposited material. The data for residual soils show that the
specific gravities decreased with an increase in plasticity index and that
the tropical soils had higher specific gravities than the temperate soils
at a given plasticity index. The specific gravities of the water-deposited
soils do not appear to be related to the plasticity index, nor do there
appear to be any meaningful differences in values of specific gravity be-

tween temperate and tropical soils of this type.

L
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Organic matter content
A comparison was made of the percentages cf organic matter content for

temperate and tropical soils of the same parent materials. The percentages

- of organic matter for the tropical soils derived from basic and acidic

. igneous rock and limestone generally were greater than those of the same

types of temperate soils. However, no obvious differences-are indicated
between temperate and tropical soils derived from water-deposited malerials
{old water-deposited materialé and recent alluvial clay and silt).
Soluble salts content

Electrical conductivity, which is a measure of the soluble salts cdné

tent, was not consistently different in temperate and tropical soils of
the same parent materials. The electrical conductivities were somewhat
less for tropical than for temperate soils from volcanic ash, greater for
tropical soils from old water-deposited material, and rather inconsistent
for soils from recent alluvial clay and silt.

Acidity ‘
A comparison of PpH for temperate and tropical soils showed no
pattern of differences. Except for the slight aikalinity of one temperate
and one tropical soil, the soils were all acidic.

Moisture-tension relations

The relations between moisture content at O- and at 0.06-atmosphere
tension, density, and percent saturation for soil samples compacted in
the laboratory to approximately field-density condition were well defined.
The degree of saturation of soil samples compacted to about field density
usually ranged from 90 to 100 percent. Highest saturations were indicated
for the low-density, high-moisture-content soils that were chiefly from
tropical climates. The relation between moisture-tension and Atterberg
limits data for each soil showed the moisture contents at 0- to 0.06-
atmosphere tension close to each other and usually falling between the
plastic and liquid limits. The moisture contents at‘0.33- and 3-atmosphere
tensfons were higher or lower than the plastic limit. and the moisture con-
tent at 15-atmosphere tension was lower than the plastic limit and equal
to approximately O.4 of the liquid limit of the soil. These relations
applied equally to temperate and tropical soils.

.
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Mineralogical and chemical composition

The data on mineralogy and chemistry indicated no distinct mineral or
chemical, or combination thereof, that could be used to distinguish tem-
perate from tropical soils. The iron contents of two tropical soils were
appreciably higher than those of the other soils; however, other tropical
soils had low 1iron contents, and it is'very probable that there are soils
in the United States with high 1ron contents.

Strength and density versus mois-
ture content for compacted soil

Curves to show the relations between moisture content and density,

cone index, CBR, and unconfined compressive strength, respectively, were
drawn for each soil. A comparison of the data showed no meaningful d4if-
ferences in the curves for temperate and tropical soils, i.e. the change
of dry density and of each strength parameter, respectively, per unit
~change in moisture content was approximately the same.
Relations between strength parameters

The relation between cone index and CBR for each soil is shown on

logarithmic plots in fig. 2. The soils were grouped by climate, and an
average line of best fit for all soils of each climate is shown. A simi-
lar set of relations between cone index and unconfined compressive strength
is presented in fig. 3. The relation for each soil was determined from
data obtained in laboratory tests at optimum and wetter-than-optimum mois-
ture contents. The average lines for each set of relations have approxi-
mately the same slope and intercept, indicating that there was no mean-
ingful difference in the relations for temperate and tropical soils. At a
CBR value of 1, the cone indexes for temperate soils ranged from 34 to 82
and averaged 53, and those for tropical soils ranged from 35 to 98 and av-
eraged 54 (fig. 2). At 10-psi unconfined compressive strength, the cone
indexes ranged from 63 to 100 and averaged 78 for the temperatc soils, and
ranged from 70 to 116 and averaged 86 for the tropical soils.

Relations at optimum moisture content

Relations between optimum moisture content and maximum dry density,
liquid 1imit, and plastic limit, respectively, for all soils were found ..

be highly correlative. The equation, correlation coefficient (r), and

6
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standard deviation from the regression (Sy : x) for the relation between
optimum moisture content (W, ) versus liquid limit (LL) and plastic limit
(PL), respectively, are as follows:

W o=0.41 (LL) +5.9; r = 0.85%; 5y . x = 45.8¢

o

i

W= 1.7 ()08, 1 = 0.90%; sy - x = +5.3, -k.59

In each relaticn, a projected line of best £it for temperate soils
would have approximately the same slope and intercept as one for tropical
soils; therefore, it is concluded that the relations for temperate and
tropical soils were not different. The range and mean values of cone
index, CBR, and unconfined compressive strength at optimum moisture con-

tent for temperate and tropical soils, respectively, were as follows:

Unconfined
Compressive
Cone Index CER Strength, psi
Soils Range Mean Range Mean Range Mean

Temperate 130-381 212 3.0-9.0 5.2 15.0-34.8 25.8
Tropical 1k7-415 250 2.5-7.5 5.6 15.9-32.4 26.0

These data show a range of values for each strength parameter that
was approximately the same for temperate and tropical soils. The mean
valuves for the tropical soils were slightly greater than those for the
temperate soils; however, it is not believed that these differences are
meaningful.

Rubber-wheel friction test

Data for the rubber-wheel friction test were obtained from a friction

test machine (see fig. 4) designed and built by the WES. A smooth, hard-
rubber wheel 12 in. in diameter by 2 in. wide rests on the surface of a

soil sample under a constant load. The torque, angular displacement, and

t In this paper a double asterisk (**) indicates significance at the 1%
level; a single asterisk (*) indicates significance at the 5¢ level.
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sinkage of the wheel in the soil are measured electrically during two slow
revolutions of the wheel. Wheel loads of 5, 20, and 35 1b were used on
both as-built (unflooded) samples of soil and similar samples thet had been
flooded with water just prior to testing. The contact pressure (p) and
traction index (TI), an index of the shear streugth of the soil measured

by the rotating wheel, were computed for each test as follows:

- load (1v)
P (psi) = contact area (sq in.)
TI (psi) = torque (in.-1b)

radius of wheel (in.) X contact area (sq ir.)

Relations were developed between traction index and contact pressure
for as-built and flooded conditions of each soil. An example «f the plots
is shown for soil T-3 (Thailand) in fig. 5. Data were obtained for each
of the three wheel loads on samples of the soil prepared at seven different
moisture contents. The only values plotted were those at 540 deg of revo-
lution of the wheel for the flooded condition and 180 and 5L0 deg for the
as-built condition. The regression lines for the as-built and flooded
conditions of the soil, as well as those for the other soils, are highly
significant. This test, in contrast to other strength tests (cone index,
unconfined compressive strength, CBR, and sheargraph), revealed that the
molisture content of the soil was not uniquely related to the strength
parameter. The range and mean angle of traction and adhesion values for
as-built and flooded conditions of temperate and tropical soils were as
follows:

As-Built Condition
Angle of Trac-

Flooded Condition
Angle of Trac-

Adhesion a Adhesion a!

tion «a ¢

n e s deg psi tion af , deg psi
Soils Range Mean Range Mean Range Mean - Range Mean

Temperate 30-51 36 0-2,3 1.1 h-29 17 0-1.1 0.4

Tropical 28-Ly 37 o-2.4 1.1 5-34 18 0-0.7 0.3

Comparison of the data for each parameter shows similarity in the

8
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vange of values and means for 2oils of the two climates. The cquation,
correlation ceoeftfleient, and standard deviation from the regression for

relations between plasticity index (PI) and angle of traction and adhesion
arc a8 follows:

ap versus PI, not significant at the 20% lcvel

ag = -0.204 (PI) + 23.03; r = -0.41l¥*; Sy . x = +7.56 deg
A = 0.025 (PI) + 0.40; r = 0.599**; Sy . x = 40.56 psi
a' = 0,005 (PI) + 0.17; r = 0.297*; Sy . x = #0.28 psi

In cach relation, the scatter and trend or data for temperate soils were

similar to those for tropical soils, indicating that the relation applied
cequally to both kinds of soils.
Sheargraph test

Measurements from the Cohron sheargraph2 test included ultimate
angle of friction and cohesion for soil-to-soil fallures, and iitimate
angle of friction and ad»esion for rubber-to-soil failurcs for as-built
and flooded conditions of the solls. An cxample of the relaticns for each
of these parameters and moisture content for the as-built condition of the
soil is shown for soil T-3 in fig. 6. Each point represents an average
of data from two tests. The correlation.lines shown are visual lines of
best fit for the data. 1In the soil-to-soil and rubber-to-soil shear re-
lations, the angle of friction increased linecarly with a decrecase in mois-
ture content. The distiné%ive trend and the narrowness of the scatter
vand of data for each test indicate a highly signit'icant relation. A com-
parison of the lines representing the relaticns for the two types of shear
tests shows that the angle of fricéion incrcased at a greater rate for the
gsoil-to-soil shear test. The angles of {riction were about equal at ap-
proximately 35 percent moisture content for the two conditioné, so for

soil-to-soil shear teste the angles of friction were higher at the low
noisture contents and lower at the high moisture contents than for rubber-

to-so0il shear tests. The departure of points from one line drawn for the




cohesion or adhesion versus moisture content relation is greater than it is
j'or the angle of friction versus moisture content relation; however, all
sndications (from these relations and those for the other soils) are that
the cw e of best fit is generally of the shape drawn. Values of cohesion
were al -ut twice those of adhesion at comparable moisture contents, and
peak v. ues of cohesion and adhesion occurred at about the same moisture
conter. The moisture content at maximum cohesion (and adhesion) was
severs. percentage points greater than the optimum for maximum density.

The cc~ elation lines for the other soils tend to have the same trend as
thos.'c the example (inverted V for cohesion and adhesion and inverse
linea> : or angle of friction), but the slope and intercept of lines within
each..s of relations are different. Differences between soils of one cli-
mate . e of the same magnitude as differences between soils of' the two
climei« ;, suggesting that the differences were not between the temperate
and strcvical soils per se. '

Draiwec. direct shear test

* ; rained direct shear tests were conducted on soil specimens cut from
a mo. sample that had been compacted at approximately optimum moisture
contes . Shear strength was measured for various normal stresses for each
soil, .nd the angle of inteinal friction and cohesion were determined from
these lata. Relations between shear strength and normal stress for scils
group: 1 by parent materials showed that the slopes and intercepts of the
regre. sion lines for the temperate soils were not appreciably different
from those for the tropical soils. The regression equation, correlation
coefficient, and standard deviation from the regression for the relation
between angle of internal friction (%¢4) and plasticity index (PI) are

as follows:
6q = ~0.17 (PI) + 28.68; r = -0.5Uk**; sy - x = £h.L5 deg

The trend and scatter of data were similar for temperate and tropical
soi. , indicating no differences in relations for soils from the two cli-
mate . A correlation between cohesion and plasticity index was not sig-

nifi ant at the 20 percent level. A comparison of mean values of angle of

10
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- & voi.l ratio-pressure curve for each soil. A comparison of the shapes of

o L i
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internal frictior. (24 and 23 deg) and cchesion (2.8 and 3.0 psi) for tem-
perate and tropical soils, respectively, also shows no appreciable dif-
fer:nces.

Cor solidation test
The consolidation test, like the drained direct shear test, was con-

duce: 1 on a specimen of soil cut from the mold sample that had been pre-

e,

pare. at optimum moisture content. The test provided data for constructing

‘curves for temperate soils and tropical soils showed no distinct charac-

~.teris:ics that could be used to distinguish soils of one climate from those

eucr relation are as follows:

of th: other. The compression index, C, (a measure of soil compressi-

-bildt;) and the expansion index, C, (a measure of soil decompressibility
“ar volwne increase due to the removal of pressure), were related to the
7 '14quid .imit (LL) and plasticity index (PI) of the soil. The equation,
Jo correta.ion coefficient, and standard deviation from the regression for

C. = 0.0043 (LL) + 0.01; r = 0.864**; gy . x = 40.058
C, = 0.0035 (PI) + 0.18; r = 0.516%%; Sy . x = #0.099
Ce = 0.0009 (LL) - 0.0186; r = 0.675%*; Sy - x = 40.024 \
Ce = 0.0015 (PI) - 0.0037; r = 0.767*%; Sy - x = $0.030 ¥

15 Dbt ool

In each relation, the points representing temperate and tropical soil

dat are scattered equally above and below the regression line indicating

e

tha there is no difference in relations for soils of the two climates.

fod o 5“2

A cc gparisen of mean values for temperate and tropical soils of compression 7
index (0.29 and 0.27) and expansion index (0.03 and 0.04) also shows no ‘
appreciable differences.

Permeability test

N )

The permeability test was performed in conjunction with the consoli-
dation test under falling-head conditions. The coefficients of pPermeability

e S Wt %
Ry H : PN
P -a




for all soiis ranged from 3 X 102 to 250 x 10-9 cm/sec, except for one

soil that had a much higher permeability than the range stated. A compari-
son of the mean values for temperate and tropical soils under loads of 1, 2,
Lk, and 8 tons/sq ft showed consistently higher void ratios and coefficients
of;permeability about twice as great for the tropical soils as for the tem-
perate soils.

Activity ratio '
The activity ratios (ratio of plasticity index to the percentage by

1 weight of material finer than 0.002 mm) of all soils, except two, were nor-

mal (0.75 to 1.25 activity) or inactive (less than 0.75 gctivity). The two
excepted soils, one temperate and one tropical, were classed as active E
(greater than 1.25 activity). The temperate and tropical soil data were
interspersed throughout the range of activity, with no apparent grouping

of soils from either climate.

Effects of drying and re-
wetting on sojil properties

!
!
Tests were conducted on dried and rewetted soils to determine the i
|

magnitude of change in the Atterberg limits and textural properties due
to drying. The results of Atterberg limits tests on dried and rewetted
samples of four temperate and four tropical soils from three different £

parent materiels are shown in fig. 7. The data show that the limits de- "g i
creased as a result of drying and that the amount of decrease was greater
for some soils than for others. The rewetted samples generally showed a
slight increase in liquid limit relative to the data from the oven-dried
samples after four days of soaking, and either a further slight increase
or no change after a longer period of soaking. Complete or almost com-
plete reversibility of liquid limit to that existing at the natural con- i

dition was indicated for those soils in which the total decrease in liquid
limit upon drying was small (about 8 or less). The data show both large
and small changes in limits during the drying cycle for soils of the same

parent material and for soils of the same climate, suggesting that the
degree of reversibility is not affected by those variables. The relation
between liquid limit of the natural soil sample (LL ) and the decrease in i
i the liquid limit upon drying (ALL) is shown in fig. 8. The plot shows

12




that the change in liquid limit of the soil updn drying is strongly related
to the liquid 1limit of the undried soil. The points for temperate and

" tropical soils are equally dispersed above and below the regression line,

“indicating no difference in relations for soils of the two climates. The

effects of drying, therefore, apply equally to temperate and tropical soils.
Mechanical analysis tests were conducted on natural and oven-dried
samples of each soil to determine the grain-size distribution. The mean
differences between grain sizes of natural and oven-dried samples for tem-
perate and tropical soils, listed according to the U. S. Department of
Agriculture (USDA) textural classification and the Unified Scil Classifi-

cation System (USCS), are as follows:

Mean Difference, in % Dry Weight
USDA Sizes USCS Sizes
Soils Sand Silt Clay Sand  Fines

Temperate 0.3 1.9 -2.2  -0.2 0.2
Tropical 0.7 2.4 3.1  -0.1 0.1

The minus sign indicates a loss in percentage of grains of the indicated
size upon drying. The data show that drying causes changes in the apparent
size distribution. Clay particles generally tend to aggregate and form
larger sizes. For some soils the reverse apparently is true, i.e. the
larger sizes ﬁreak down into cley-sized particles. The change in particle
size is greater for the tropical soils; temperate soils average 2.2 percent
and tropical soils 3.1 percent less clay sizes for the oven-dried condition.
The data also show for temperate and tropical soils an average small in-

crease in percentage of USDA sand sizes upon drying.

~

Conclusions

Temperate and tropical soils of similar Atterberg limits and parent
materials generally have other engineering properties that are similar and
behave similarly when subjected to standard and special engineering labo-

ratory tests. Differences in properties between temperate and tropical

. ..,w—nrwn'.mu‘(w‘-é‘j;_ b




sc 1s that cannot be explained in terms of the Atterberg limits are as ]

{¢ lows:

I

e.

Residual soils from tropical climates have higher specific
gravities.

Residual soils from tropical climates have higher percent-
ages of organic matter.

Soils from tropical climates that have been compacted in
the laboratory to field density and tested at O- and 0.06-
atmosphere tension generally have higher moisture contents
and percent saturations and lower densities.

In permeability tests of compacted soils in the leboratory,
the soils from tropical climates generally have higher void
ratios and coefficients of permeability.

The increase in particle size upon drying is greater for
soils from tropical climates.

The horizontal variations of soil properties (cone index, remolding

i-riex, rating cone index, moisture content, dry density, liquid limit,

p.astic 1imit, and plasticity index) at a site are similar for soils from

temperate and tropical climates.
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